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Abstract - The Brainstem Auditory Evoked Potentials
(BAEP) provide an objective, electrophysiological diagnostic
method, widely applied in examinations of auditory organs, in
particular for such cases, when the application of traditional
audiometric methods is difficult or impossible, e.g. in
examination of little children and infants. The shape of the
time-dependent signal, and its possible distortion, and
particularly the presence or absence of characteristic waves are
of great diagnostic importance. In the present work methods of
preliminary processing and automated identification of wave V
are presented, using the SOM type neural networks for
determination of structure of the feature space and
classification.
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L. INTRODUCTION

Brainstem Auditory Evoked Potentials (BAEP) present an
objective, electrophysiological diagnostic method, widely
applied in examinations of auditory organs, in particular in
those cases, when the application of traditional[classical]
audiometric methods is difficult or even impossible. A
typical time dependence of BAEP potential consists of five
to seven waves, registered within 10 ms from the application
of the acoustic stimulus. In the clinical evaluation of
auditory brainstem response the parameters related to wave
V are taken into account, in particular its absence or
presence.The present work contains a description of
preliminary processing methods for the BAEP signal, which
optimize the conditions for a subsequent recognition of
wave V by the neural networks (Fig.1)

In the preliminary stage of the study the analysis applied to
the set of BAEP signals to be recognized was oriented
towards the detection of existing groups. Such analysis is
able to determine the number of various classes in the input
set.

II. PRELIMINARY DATA PROCESSING

Every measured sample containing a recording of an
BAEP potential for a given stimulation is a vector consisting
of 1000 elements and is characterized by a huge data
redundancy, considerable noise level and unfavourable
statistical characteristics. The aim of the preliminary data
processing is such a transformation of the multi-dimensional
input vector to a vector of the dimension as small as

possible, containing only the information relevant for the
correct classification. Additionally it is required that the
components of the output vector should not be correlated
Another problem, for which solution is required, is
the construction of a data representation convenient for its
processing and storage in the computer memory. In order to
fulfill the above the signal has been initially filtered by a
low-pass FIR filter with a cut-off frequency f020.07 Hz [3],

then the average value and linear trend have been extracted
and finally every second element have been selected. Thus
the number of datapoints was reduced to 500.

In order to verify the influence of applied procedures
measurement of classification efficiency have been carried
out for non-filtered signals containing both the average and
linear trend and for the filtered signals with the average and
linear trend removed. The analysis of the results leads to a
conclusion, that too low cut-off frequency value results in
decrease of the classification efficiency, and on the other
hand filtration omitting also results in a little drop of the
classificator efficiency. The extraction of the average and
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Fig.1 Typical recording of the BAEP signal obtained for a person with
normal hearing abilities.
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linear trend is a meaningful procedure and improves the
operation of the system. The neural network carrying out the
classification later on is not burdened then with unnecessary
information.

In the next step the effort was focused on the
reduction of dimension of the vector fed to the network's
input, and for that signal approximation has been used, in
the basis consisting of 3-rd order spline functions [9].

As a result of the experiments carried out the number
of basis function has been selected as N=36.

Thus the function approximation in the basis of
spline functions, being a consecutive step of the
preprocessing, enabled the reduction of the dimension of the
vector fed to the network's input to only 36 components.

For realization of the analysis artificial neural
networks, called selforganized feature maps (SOM - Self-
Organizing Map) [2], have been applied.

The networks map the distribution of the input
vectors from their original space to a space of reduced
dimensionality, at the same time preserving the topology,
i.e. the distance relations. Due to that property they are
naturally fit for studies of input data ordering e.g. for
grouping detection.

III. THE CHOSEN METHODS AND ASSUMPTIONS

For purpose of the present study two sets of BAEP
signals have been constructed: the learning and test set, each
consisting of 75 brainstem responses. The parameters of
BAEP recordings selected for the study were as follows: the
triggering stimulus tgok the form of a cracking sound of
intensity between 70~and 20dB, the signal size included 100
values (equivalent to 10ms period of the BAEP signal). The
task, that the neural network was expected to perform, i.e.
the classification of auditory brainstem response signals,
consisted of the detection of presence of wave V in a single
signal recording. Thus both the class of signals with wave V
visible and the class of signal with wave V absent have been
taken for the analysis. The SOM neural network consists of
a two dimensional layer of neurons, for which the concept of
vicinity[neighborhood] is introduced. The input of each
neuron is provided with the input signal and a constant value
(Bias). The network's output is given by the signal from that
neuron, for which the answer is the strongest (thus its vector
of weights W is the most similar to the input vector X) The
SOM network's learning algorithm was a modified Kohonen
algorithm - autolearning with competition. The number of
presentations of the learning set is determined at the
beginning of the learning process. In each learning step the

! the signals of higher intensities have not been taken into
consideretion , because from automated classiffication's point of
view they were not interesting. All the signals with intensities
higher than 70dB clearly contained wave V and were easily
classfied. On the other hand their including into the data sets would
certainly spoil the ratio of number of signals with wave V present
to the number of signals with wave V absent.

weights are corrected for all the neurons, with varying
intensity of the correction, depending on the distance from
the winner-neuron. Let's assume that the winner of the
competition is the j-th neuron. The correction of the i-th
weight of the j-th neuron in a single learning step is given by
the formula:

Aw’i= nth(,i*)xi- w)

The h function determines the weights correction intensity
for j-th neuron, if the winner is the vector j*:

h(.j*) = exp(-d(j,j*) / 20°)

where d(j,j*) is the distance of the j-th neuron from the
winner-neuron, calculated using the Lf measure. The
learning coefficient n and the O parameter are adjusted
during the whole process:

() = m(ne ! m)''
o(t) = a(ai/ )"

The SOM network's learning algorithm was a
modified Kohonen algorithm — selflearning with
competition. Detailed information on that problem can be
found in work [2].

IV. ANALYSIS OF AUDITORY BRAINSTEM
RESPONSE POTENTIALS USING SOM NETWORKS.

As a result of the learning process the SOM neural
network maps the set of BAEP signals onto a two-
dimensional lattice of neurons, preserving the distance
relations from the original space of the input signals. It
means that the signals which activate the same neuron are
more alike than the signals activating different neurons. On
the other hand for signals activating different neurons the
closer neurons the signals activate the more similar they are
themselves. Such property of the SOM networks can be
used for detection of grouping in the set of BAEP signals.

After completion of the neural network's learning
process its particular neurons should be labelled (calibrated),
i.e. it should be determined which class of signals they can
represent. The network's neurons which have not been
activated for any signal of the learning set are eliminated. If
the network's neurons have been the winners only for signals
containing the wave V, or only for signals with wave V
absent then their labelling is an obvious consequence. On
the other hand the neurons winning for signals belonging to
both classes are labelled according to the type of
predominant signals (in case of equal number of signals the
distances of neural weights vectors and BAEP signal vectors
are studied).

Let's now consider for a particular example, what type of
information about the set of BAEP signals can be provided
by the neural network. The results of learning for a network
containing 36 neurons (6x6 neurons lattice) are presented in
Fig. 2. It is easily noticed that 23 neurons have been
activated in the learning process, and 6 of them recognized
the signals not containing the wave V, 10 of them



recognized the signals containing the wave V, and 7 reacted
to signals belonging to both classes. After an additional
calibration of the latter neurons finally 8 neurons recognized
signals not containing wave V, and 15 neurons the signals in
which wave V was visible.

The obtained distribution of network's neurons (Fig.2) is
very interesting. The number of active neurons can be
treated as the estimate number of groups in the set of BAEP
signals. This is obviously a certain approximation, as in
many simulation somewhat different results have been
obtained, and even for the network analyzed here after
measuring of mutual distances between neighboring neurons
it turned out that connection of some of them is possible,
what resulted in reduction of the number of detected groups.
However the number of obtained groups was in accordance
with predictions estimating that the number of various
groups of signals should not be less than:

number of classes * number of stimulating intensities
=12

The division into groups did not take place exactly
according to the intensity of triggering stimulus, but anyway
it has shown that the above considerations are correct,
because in most cases the signals atrributed to a given
neuron were signals of identical values of the stimulus
intensity or signals with neighbouring intensity values, e.g.
for the neuron at (5,6) they were three signals of the
stimulation intensity 60dB and three signals of 70dB.

Fig.2 Exemplary neural network after completion of the learning
process. The non-active neurons are denoted as white, the neurons activated
by signals containing wave V - black, the neurons activated by signals not
containing the wave V - grey, and the neurons reacting to both types of
signals are labelled by '?'.

The analysis of the way in which the set of signals is divided
between particular neurons can also provide different
information. There were 1 to 10 signals per one neuron, or
average 3.3 signals per neuron. Only four neuron recognized
single signals, and what's more in three cases they were
signals not containing the wave V. For the latter signals
there were 1.7 signals per neuron on the average. The above
facts may lead to a conclusion that the class of signals not
containing the wave V is more diversified than the class of
signals containing it. Also that result is in accordance with
common sense conclusions, because to the class of signals

with the wave V absent belong all the signals registered for
low intensities of the activating stimulus, the signals which
are distorted as a result of defects of the brainstem auditory
centers or the occurrence of various disturbances during the
measurements, e.g. muscular artefacts.

Due to the analysis of the signals division into groups
another type of signals can be detected: the signals which
with high probability were classified incorrectly. For
example the neuron at (1,4) has been activated for 8 signals,
including only one denoted as a signal containing wave V,
so most probably incorrectly.

i

Fig.3 The tree with the minimal span, connecting the active
neurons of the network. An exemplary group of neurons has been denoted,
which can be replaced by one neuron placed at (2,1). Selected distances
between the neuron weights vectors, expressed in Euclidean metric, are also
shown in the picture.

V. SIMULATION PARAMETERS

During the completed simulations the influence of
the neural network size and learning parameters 1), ocand t f
on the quality of BAEP signals classification has been
studied. With the increasing number of the network's
neurons the value of RMS error has decreased while the
number of activated neurons has increased. At the same time
the networks classified the signals of the learning set better
and better. However, excluding the 4x4 networks, for which
the results were much worse then for the other, the rest of
the networks achieved comparable results in recognition of
the test set signals. Thus increasing the number of neurons
did not improve the network's generalization abilities.

As for the values of the learning coefficient 17 and the
O parameter, on which the intensity of the weight
corrections in the winner-neuron neighborhood depend
(Fig.3), the obtained result prove that the values of these
parameters should not be simultaneously too low or
simultaneously too high. The values of the 0 parameter have
been mostly taken form the [5;1] range and the values of n
parameter from the [1; 0.05] range. (Table I: Selected
classification results).



VI. CONCLUSIONS

Summarizing the above considerations it should be
concluded that the SOM neural networks can be
successfully applied for the preliminary analysis of the set of
BAEP, and in particular for the studies of the signal
grouping, what can be useful for the construction of
architectures for multilayer backpropagattion networks used
for the recognition. Additionally the analysis of sets of
BAEP signals enables the detection of signals which are
particularly difficult for classification, and signals which
have been labelled incorrectly.

REFERENCES
[1]. R. Tadeusiewicz: Neural Networks, AOW RM,
Warszawa, 1993 (in Polish).
[2]. J. M. Zurada: Introduction to Artifical Neural Systems,
West Publishing Company, St. Paul., 1992.
[3]. T. Kohonen: Self-Organization
Memory, Springer-Verlag, Berlin, 1984.
[4]. R. E. Delgado, O. Ozdmar: “Automated Auditory
Brainstem Response Interpretation”, IEEE Engineering In
Medicine And Biology, April/May 1994

and Associative

[5]. S. Haykin: Neural Networks,
Publishing Company, 1994.

[6]. M.J. Aminoff , Elektrodiagnosis in Clinical Neurology”,
Churchil Livingstone New York 1986

[7]. Izworski A., Tadeusiewicz R., Pastawski A.: The
Utilization of Context Signals in the Analysis of BAEP
Potentials by Application of Neural Networks, Lecure Notes
in Artificial Intelligence, No. 1810, Springer, Proceedings of
11™ European Conference on Machine Learning, Barcelona,
Catalonia, Spain, May/June 2000, pp.195-202

Izworski A. , R. Tadeusiewicz, A. Pastawski, Non-Standard
Neural Network Architectures in the Analysis of Auditory
Brainstem Response Potentials, First International
Conference on: Advances in Medical Signal and
Information Processing, Bristol, 2000, pp. 184 —191

[8]. MATLAB documentation: Users Guide, MathWorks,
Mass.,

[9]. MATLAB documentation: Neural Network Toolbox
Users Guide, MathWorks, Mass., 1999

[10]. MATLAB documentation: Signal Processing Toolbox
Users Guide, MathWorks, Mass., 1999

[11]. Parzen. E.: “On Estimation of a probability density
function and mode”, Ann. Math. Statis., 32, pp. 1065-1076

Macmillan College

TABLE I
SELECTED CLASSIFICATION RESULTS
Nr | Network Number  of | Learning parameters | RMS Correct classifications[%]
architecture | active t I ai error Learn.set Test set
neurons
1 4%x4 12 1000 | 0,1 1 11,42 73,68 75,32
2 |4x4 11 16000 | 0,25 2,5 12,09 76,32 72,73
3 5x%x5 23 32000 | 0,25 |2,5 6,61 86,84 75,25
4 |5x5 20 8000 (0,5 5 7,32 85,53 77,92
5 6%x6 25 2000 | 0,1 2,5 6,26 89,47 80,52
6 6%x6 21 2000 | 0,1 5 6,68 85,53 76,62
7 6%x6 22 1000 |0,25 |25 6,99 84,21 76,62
8 7%x7 32 2000 | 0,1 5 5,03 85,53 80,52
9 7%x7 28 2000 |0,5 1 5,11 88,16 79,29
10 [8x8 33 2000 |0,2 2,5 4,29 88,16 76,62




	Main Menu
	-------------------------
	Welcome Letter
	Chairman Address
	Keynote Lecture
	Plenary Talks
	Mini Symposia
	Workshops
	Theme Index
	1.Cardiovascular Systems and Engineering 
	1.1.Cardiac Electrophysiology and Mechanics 
	1.1.1 Cardiac Cellular Electrophysiology
	1.1.2 Cardiac Electrophysiology 
	1.1.3 Electrical Interactions Between Purkinje and Ventricular Cells 
	1.1.4 Arrhythmogenesis and Spiral Waves 

	1.2. Cardiac and Vascular Biomechanics 
	1.2.1 Blood Flow and Material Interactions 
	1.2.2.Cardiac Mechanics 
	1.2.3 Vascular Flow 
	1.2.4 Cardiac Mechanics/Cardiovascular Systems 
	1.2.5 Hemodynamics and Vascular Mechanics 
	1.2.6 Hemodynamic Modeling and Measurement Techniques 
	1.2.7 Modeling of Cerebrovascular Dynamics 
	1.2.8 Cerebrovascular Dynamics 

	1.3 Cardiac Activation 
	1.3.1 Optical Potential Mapping in the Heart 
	1.3.2 Mapping and Arrhythmias  
	1.3.3 Propagation of Electrical Activity in Cardiac Tissue 
	1.3.4 Forward-Inverse Problems in ECG and MCG 
	1.3.5 Electrocardiology 
	1.3.6 Electrophysiology and Ablation 

	1.4 Pulmonary System Analysis and Critical Care Medicine 
	1.4.1 Cardiopulmonary Modeling 
	1.4.2 Pulmonary and Cardiovascular Clinical Systems 
	1.4.3 Mechanical Circulatory Support 
	1.4.4 Cardiopulmonary Bypass/Extracorporeal Circulation 

	1.5 Modeling and Control of Cardiovascular and Pulmonary Systems 
	1.5.1 Heart Rate Variability I: Modeling and Clinical Aspects 
	1.5.2 Heart Rate Variability II: Nonlinear processing 
	1.5.3 Neural Control of the Cardiovascular System II 
	1.5.4 Heart Rate Variability 
	1.5.5 Neural Control of the Cardiovascular System I 


	2. Neural Systems and Engineering 
	2.1 Neural Imaging and Sensing  
	2.1.1 Brain Imaging 
	2.1.2 EEG/MEG processing

	2.2 Neural Computation: Artificial and Biological 
	2.2.1 Neural Computational Modeling Closely Based on Anatomy and Physiology 
	2.2.2 Neural Computation 

	2.3 Neural Interfacing 
	2.3.1 Neural Recording 
	2.3.2 Cultured neurons: activity patterns, adhesion & survival 
	2.3.3 Neuro-technology 

	2.4 Neural Systems: Analysis and Control 
	2.4.1 Neural Mechanisms of Visual Selection 
	2.4.2 Models of Dynamic Neural Systems 
	2.4.3 Sensory Motor Mapping 
	2.4.4 Sensory Motor Control Systems 

	2.5 Neuro-electromagnetism 
	2.5.1 Magnetic Stimulation 
	2.5.2 Neural Signals Source Localization 

	2.6 Clinical Neural Engineering 
	2.6.1 Detection and mechanisms of epileptic activity 
	2.6.2 Diagnostic Tools 

	2.7 Neuro-electrophysiology 
	2.7.1 Neural Source Mapping 
	2.7.2 Neuro-Electrophysiology 
	2.7.3 Brain Mapping 


	3. Neuromuscular Systems and Rehabilitation Engineering 
	3.1 EMG 
	3.1.1 EMG modeling 
	3.1.2 Estimation of Muscle Fiber Conduction velocity 
	3.1.3 Clinical Applications of EMG 
	3.1.4 Analysis and Interpretation of EMG 

	3. 2 Posture and Gait 
	3.2.1 Posture and Gait

	3.3.Central Control of Movement 
	3.3.1 Central Control of movement 

	3.4 Peripheral Neuromuscular Mechanisms 
	3.4.1 Peripheral Neuromuscular Mechanisms II
	3.4.2 Peripheral Neuromuscular Mechanisms I 

	3.5 Functional Electrical Stimulation 
	3.5.1 Functional Electrical Stimulation 

	3.6 Assistive Devices, Implants, and Prosthetics 
	3.6.1 Assistive Devices, Implants and Prosthetics  

	3.7 Sensory Rehabilitation 
	3.7.1 Sensory Systems and Rehabilitation:Hearing & Speech 
	3.7.2 Sensory Systems and Rehabilitation  

	3.8 Orthopedic Biomechanics 
	3.8.1 Orthopedic Biomechanics 


	4. Biomedical Signal and System Analysis 
	4.1 Nonlinear Dynamical Analysis of Biosignals: Fractal and Chaos 
	4.1.1 Nonlinear Dynamical Analysis of Biosignals I 
	4.1.2 Nonlinear Dynamical Analysis of Biosignals II 

	4.2 Intelligent Analysis of Biosignals 
	4.2.1 Neural Networks and Adaptive Systems in Biosignal Analysis 
	4.2.2 Fuzzy and Knowledge-Based Systems in Biosignal Analysis 
	4.2.3 Intelligent Systems in Speech Analysis 
	4.2.4 Knowledge-Based and Neural Network Approaches to Biosignal Analysis 
	4.2.5 Neural Network Approaches to Biosignal Analysis 
	4.2.6 Hybrid Systems in Biosignal Analysis 
	4.2.7 Intelligent Systems in ECG Analysis 
	4.2.8 Intelligent Systems in EEG Analysis 

	4.3 Analysis of Nonstationary Biosignals 
	4.3.1 Analysis of Nonstationary Biosignals:EEG Applications II 
	4.3.2 Analysis of Nonstationary Biosignals:EEG Applications I
	4.3.3 Analysis of Nonstationary Biosignals:ECG-EMG Applications I 
	4.3.4 Analysis of Nonstationary Biosignals:Acoustics Applications I 
	4.3.5 Analysis of Nonstationary Biosignals:ECG-EMG Applications II 
	4.3.6 Analysis of Nonstationary Biosignals:Acoustics Applications II 

	4.4 Statistical Analysis of Biosignals 
	4.4.1 Statistical Parameter Estimation and Information Measures of Biosignals 
	4.4.2 Detection and Classification Algorithms of Biosignals I 
	4.4.3 Special Session: Component Analysis in Biosignals 
	4.4.4 Detection and Classification Algorithms of Biosignals II 

	4.5 Mathematical Modeling of Biosignals and Biosystems 
	4.5.1 Physiological Models 
	4.5.2 Evoked Potential Signal Analysis 
	4.5.3 Auditory System Modelling 
	4.5.4 Cardiovascular Signal Analysis 

	4.6 Other Methods for Biosignal Analysis 
	4.6.1 Other Methods for Biosignal Analysis 


	5. Medical and Cellular Imaging and Systems 
	5.1 Nuclear Medicine and Imaging 
	5.1.1 Image Reconstruction and Processing 
	5.1.2 Magnetic Resonance Imaging 
	5.1.3 Imaging Systems and Applications 

	5.2 Image Compression, Fusion, and Registration 
	5.2.1 Imaging Compression 
	5.2.2 Image Filtering and Enhancement 
	5.2.3 Imaging Registration 

	5.3 Image Guided Surgery 
	5.3.1 Image-Guided Surgery 

	5.4 Image Segmentation/Quantitative Analysis 
	5.4.1 Image Analysis and Processing I 
	5.4.2 Image Segmentation 
	5.4.3 Image Analysis and Processing II 

	5.5 Infrared Imaging 
	5.5.1 Clinical Applications of IR Imaging I 
	5.5.2 Clinical Applications of IR Imaging II 
	5.5.3 IR Imaging Techniques 


	6. Molecular, Cellular and Tissue Engineering 
	6.1 Molecular and Genomic Engineering 
	6.1.1 Genomic Engineering: 1 
	6.1.2 Genomic Engineering II 

	6.2 Cell Engineering and Mechanics 
	6.2.1 Cell Engineering

	6.3 Tissue Engineering 
	6.3.1 Tissue Engineering 

	6.4. Biomaterials 
	6.4.1 Biomaterials 


	7. Biomedical Sensors and Instrumentation 
	7.1 Biomedical Sensors 
	7.1.1 Optical Biomedical Sensors 
	7.1.2 Algorithms for Biomedical Sensors 
	7.1.3 Electro-physiological Sensors 
	7.1.4 General Biomedical Sensors 
	7.1.5 Advances in Biomedical Sensors 

	7.2 Biomedical Actuators 
	7.2.1 Biomedical Actuators 

	7.3 Biomedical Instrumentation 
	7.3.1 Biomedical Instrumentation 
	7.3.2 Non-Invasive Medical Instrumentation I 
	7.3.3 Non-Invasive Medical Instrumentation II 

	7.4 Data Acquisition and Measurement 
	7.4.1 Physiological Data Acquisition 
	7.4.2 Physiological Data Acquisition Using Imaging Technology 
	7.4.3 ECG & Cardiovascular Data Acquisition 
	7.4.4 Bioimpedance 

	7.5 Nano Technology 
	7.5.1 Nanotechnology 

	7.6 Robotics and Mechatronics 
	7.6.1 Robotics and Mechatronics 


	8. Biomedical Information Engineering 
	8.1 Telemedicine and Telehealth System 
	8.1.1 Telemedicine Systems and Telecardiology 
	8.1.2 Mobile Health Systems 
	8.1.3 Medical Data Compression and Authentication 
	8.1.4 Telehealth and Homecare 
	8.1.5 Telehealth and WAP-based Systems 
	8.1.6 Telemedicine and Telehealth 

	8.2 Information Systems 
	8.2.1 Information Systems I
	8.2.2 Information Systems II 

	8.3 Virtual and Augmented Reality 
	8.3.1 Virtual and Augmented Reality I 
	8.3.2 Virtual and Augmented Reality II 

	8.4 Knowledge Based Systems 
	8.4.1 Knowledge Based Systems I 
	8.4.2 Knowledge Based Systems II 


	9. Health Care Technology and Biomedical Education 
	9.1 Emerging Technologies for Health Care Delivery 
	9.1.1 Emerging Technologies for Health Care Delivery 

	9.2 Clinical Engineering 
	9.2.1 Technology in Clinical Engineering 

	9.3 Critical Care and Intelligent Monitoring Systems 
	9.3.1 Critical Care and Intelligent Monitoring Systems 

	9.4 Ethics, Standardization and Safety 
	9.4.1 Ethics, Standardization and Safety 

	9.5 Internet Learning and Distance Learning 
	9.5.1 Technology in Biomedical Engineering Education and Training 
	9.5.2 Computer Tools Developed by Integrating Research and Education 


	10. Symposia and Plenaries 
	10.1 Opening Ceremonies 
	10.1.1 Keynote Lecture 

	10.2 Plenary Lectures 
	10.2.1 Molecular Imaging with Optical, Magnetic Resonance, and 
	10.2.2 Microbioengineering: Microbe Capture and Detection 
	10.2.3 Advanced distributed learning, Broadband Internet, and Medical Education 
	10.2.4 Cardiac and Arterial Contribution to Blood Pressure 
	10.2.5 Hepatic Tissue Engineering 
	10.2.6 High Throughput Challenges in Molecular Cell Biology: The CELL MAP

	10.3 Minisymposia 
	10.3.1 Modeling as a Tool in Neuromuscular and Rehabilitation 
	10.3.2 Nanotechnology in Biomedicine 
	10.3.3 Functional Imaging 
	10.3.4 Neural Network Dynamics 
	10.3.5 Bioinformatics 
	10.3.6 Promises and Pitfalls of Biosignal Analysis: Seizure Prediction and Management 



	Author Index
	A
	B
	C
	D
	E
	F
	G
	H
	I
	J
	K
	L
	M
	N
	O
	Ö
	P
	Q
	R
	S
	T
	U
	Ü
	V
	W
	X
	Y
	Z

	Keyword Index
	-
	¦ 
	1
	2
	3
	4
	9
	A
	B
	C
	D
	E
	F
	G
	H
	I
	i
	J
	K
	L
	M
	N
	O
	P
	Q
	R
	S
	T
	U
	V
	W
	X
	Y
	Z

	Committees
	Sponsors
	CD-Rom Help
	-------------------------
	Return
	Previous Page
	Next Page
	Previous View
	Next View
	Print
	-------------------------
	Query
	Query Results
	-------------------------
	Exit CD-Rom


